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(54) ZOOM LENS 
(57)Abstract: 

PURPOSE: To provide a compact zoom lens having well 
compensated chromatic aberration by compensating the 
variation of the position of an image plane at the time of 
power variation due to the movement of a second lens 
group by using a partial lens in a third lens group or a 
fourth lens group and satisfying a specified condition. 
CONSTITUTION: This zoom lens is a lens system for 
compensating the variation of the position of an image 
plane at the time of power variation due to the movement 
of a second negative lens group by using a part of 
lenses in a third lens group or a fourth lens group. The 
conditional relations: (1) 0.25 <1/ (vd)1n<0.04, (2) 
0.005<(A9gd)1n<0.02, (3) 0<1/(vd)1p<0.0166 are 
satisfied. In the relations, A0gd is the difference of 
ordinates from a line connecting K7 to F2 on the graph of 0gd-vd by representing the Abbe 
number of glass for a d-line by vd and a partial dispersion ratio for a Lg line and the d-line by 8 
gd, (A0gd)1n, is the average value of A0gd of glass used for a negative lens composing the 
first positive lens group and (vd)1p, (vd)1n are the average values of vd of glass used for a 
positive lens and a negative lenses composing the first lens group. 
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[0 0 5 1] (8) CD_LRg£Sx.5£Au-^X<D# 

lftrofeffljEl;f4fl-*lJ-CS>5^, 

(9) SrjUa+^A fl.«,Wffl*tSra»ii-*ii:*SHIi^ 
fc*. (8) coTPS^@x.?.i:Ai/VXro^» 

W»4<49, l^fe«E^Bi[c/iO, j£^S(c*5 

[0 0 5 2] &# (9) tf>JtPB£:«x.5i: 2&*-<^ h 
20 /w^ttE1-S*-[^if4]^*-^{c^9. XTPSSriSxiSi 

*# (8) *ffi&-tz>mtt*mz>^t&mm\z.t£Z>. 

[0 0 5 3] 0kW (1 0) tjEUVX© 
< * 9 -T£*T l &©£,*§jE# Sitter 9 JE£ 

[0 0 5 4] £M4= (11) <7?TPfi^e^5t 2^^^^ 

[0 0 5 5] iEOft# (1 0) , (ll)Sr»a-i-5 

frffl3«t9)iu-, iE<7>mffiti*mi~z>m4 1 u-yxst* 
<Dm$rt)zmTz>m4 2 i^^itt^tsciiP 

»*Lv\ S4uyXfflf^r<Dj;5^Mtt5ri:lc 
/UfP0?^iESr^4oTt r©S 2 l/vXj&^Srjiai 

(4. E^vX<o«*f*SrIll3»E5^t!«i<i-5wi:iflsa* 
40 U<A«eW^H:» TIE^f* (13) SrSJS-rS^tisa 
* LV\ 
[0 0 5 6] 

(13) 1. 48< ( n . ) 3 «p < 1 . 65 

tztz. L, (n. ) 34D (4^3 ^VXif, ^4 UvXWSr 
«^-f S IE U- VXO e ^T'^atff *©ffe)lffc So 

[0 0 5 7] (13) <D±Pfi$ri8x.5 1*^ (1 

50 E-rsr i**aj**v\ 



(7) 



ftfflW-8-2 4 8 3 1 7 



11 



12 



[0058] sfr, mmcD&i&m<DffijE<Dtzibic-mi u 
it. Tte^w O' ) , di') zmSi-tzz. ttfw. 

* LV\, 

[0059] (9') -0. 005<(A9 Bd ) 

34 „ < 0 . 0 0 5 

(11') 0. 0 2 5< (A9,d) 34p 

*^BJu>-X^ict3V^T, 5EtwiRjSSr^»^«5Ei-43t 10 
*fc!4TE*«= (1 4) , (15), (16). (1 
7), (18), (19) *»JEt5;i:)isaSU\ 

[0 0 6 0] 

(1 4) 0. 1 0<<t>i /4>w <0. 2 1 

(15) 0. 54< | * 2 |<0. 76 

(16) 0. 10<« 3 /«w<0. 26 

(17) 0. 2 6 < <t> 4 /<$>* < 0. 45 

(18) 0. 1 9 < | <*> 42 /0w | <0. 4 8 

(19) 0. 3 8< | « 42 /<(i4i I <0. 7 4 

fcfc'L, <J>1 , <*>2 , <(>3 , 04 , <*> 41 , d>42, 14*^ 20 

SBiuvXS. SB2u^X», SB3u>X», 14^ 
x#, i4 uyx»©fi u>^*5±o:S4 uvx 

[oo6i] (M) (o±m*Mx.xmi 

#*©tt«^**fi<1-5fc»K:fi^rfUT?*>3as, if 

fcLteWUVXtrcWjEtHjfefcVs (14) coT 30 

PS=£:ig;tT|gl uvXSfcDjg^^/N-ft?) tf3 \s> 

[0 0 6 2] 8>W (15) 0>JbR«:8;fcT3B2 H"X8 

^ii^i-f&^feiRSo^tti^Xtv^ (1 40 

5) <DTm&m*.xm2 uyx»©i^)45/M^5i 

Xic L#tt*Ufftib-f i/yXSi^lti5. SKEW 

[0 0 6 3] (16) ©JiPg^SxT^3 UVX© 

OJB*r***K*S*». ^# (17) £>TPl£@;LfS4* 

f =9.061 ~25. 464~71. 998 , F/2. 
2 o> =49. 947° ~18. 297° ~6. 327 0 
r, =139.5134 



iStSr t (eft x£A«|-e©fflF*<DfeJKS*> 

(16) «TPS^M^T^3 i/yX»©BJr*i s 'J>C<e 
(1 7) <7?_tPS£8;iTSg4 l^yX»©lj)f^ 
*s*fc*5a:jE©JB!ff** s JB4 u>-Xj¥fcil*»>, Sf§4 

[0 0 6 4] &ft= (18) cD_tP.B£ig;LT I * 4 2 /« 

w 1 ©ffi^^i^fcsd^f* (19) <D±.m*mz.x I * 

4 2 /*4,| cDffi^X^nc^t, SS4 uvXWrtfcistt 

#*L<fcv\, (18) OTPI^M^-T I « 

4 2 /*w I <D«as/h;5<fcajWfefl= (19) OTPS* 
S^T I 0 4 a /*«» I 

[0 0 6 5] (14) 75S*fl= (19) f-*5V^ 

T^co±TRScOft$rTf5^ (14' ) Jb^ (1 9' ) 

[0 0 6 6] 

(14' ) 0. 1 2<<f>i /0w <0. 17 

(15' ) 0. 57<|<f> 2 /0w | <0. 73 

(16' ) 0. 1 0< <f> 3 /<*>w < 0. 23 

(17' ) 0. 3O<0 4 /^w <0. 41 

• (18' ) 0 . 2 2 < | 0 42 / 4> w I < 0 . 4 5 

(19') 0. 4 1< | 0 42 /<f> 4 i | < 0. 7 0 

(14), (16), (19) OftO^TC* 

fr(14 M ), (16"), (19") ^l^t^r^ 

(14") 0. 125<^i/<^w<0. 145 

(16") 0. 1 7 < <*> 3 /<f>w< 0. 23 

(19") 0. 45< | d>4 2 /04 i I <0. 7 
0 

[0 0 6 7] 



13 

d ! = 2. 5000 
r 2 =80.9589 

d 2 =1.0000 
r 3 =103.9774 

d 3 =7.2273 
r 4 =-249.3944 

d 4 =0. 1500 
r 5 =48. 1566 

d 5 =6.3422 
r 6 =390.6397 

d 6 =0. 1500 
r 7 =36.0540 

d 7 =4.2911 
r 8 =61.0815 

d 8 =d, c^im 

r 9 =61.5748 

d 9 =1.5000 
r io=15. 7087 

d io=14. 9271 
r ii =-21. 1656 

d n = l. 5000 
r i 2 = 20. 7844 

d i 2 = 0. 1500 
r 13 = 20. 6360 

d 13 = 8. 6002 
r i4 = 57. 3063 

di 4 =D 2 ("J^) 
r is = oo (Wt ) 

d i5=l. 0000 
r is = -331. 3956 

d i6 = 2. 5000 n 8 
r i7=-32. 3660 

d i7 = 0. 1500 
r i 8 = 15.8324 

d 18 = 2. 5000 
r i 9 = -158. 1052 

d i 9 = 0. 8531 
r 2o = -26. 1704 

d 20=1. 5000 
r 2i=80. 3910 

dsi = D 3 (pj^) 
r 22 = 70. 0995 

d 22 = 2. 8000 
r 23 =-20. 7695 

d 23 = 0. 1500 
r 2^ = 19.7179 

d 24 = 8. 7237 
r 2s=-105. 4606 

d 2 s = 0. 7647 
r 26 = -18. 6567 



(8) 

= 1.81264 



8- 2 4 8 3 17 
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n 4 =1.43985 



n 6 =1.60548 



n 7 =1.84281 



= 1.57098 



v i =25.43 A 0« d = O. 0165 



n 2 =1.43985 v 2 =94. 97 A0 sd = O.O622 



n 3 =1.43985 v 3 =94.97 A0 sd = O.O622 



v 4 =94.97 A 0 sd = O. 0622 



n 5 =1.60548 v 5 =60.70 A 0 «d = -0. 0032 



v 6 =60.70 A 6 8 ci = -0. 0032 



w =21.00 A 0 s a = O. 0356 



vs =71.30 A 0 sd = O. 0266 



n 9 =1.57098 v 9 =71.30 A0 Bd = O. 0266 



n io=1.80642 v io = 34. 97 A 0 g a = 0. 0003 



n n = l. 57098 v,i = 71.30 A 0 «a = 0. 0266 



n 12=1. 57098 v i 2 = 71. 30 A 0 « d = 0. 0266 



(9) - 2 4 8 3 1 7 

15 16 
d 26 = 1.5000 n i3 = l. 85649 v i3 = 32. 28 A 0 «* = 0. 0022 
r 27 = -174. 0609 

f 9.061 25.464 71.998 

Di 1.4000 19.7747 33.1226 

D 2 34.6787 16.2987 2.9565 

D 3 7.3055 4.8140 8.0961 

1/ (v d ) m=0. 039 , l/(va) i P = 0.011 , (A 0 sd ) i„ = 0.017 
( A 0 s a) i„ = 0.062 , 1 / (v d ) 2 „ = 0.017 , 1/ (v d ) 2p = 0. 048 
(A 0 gd ) 2n =-0. 003, (A 0 S d) 2p = 0. 036 , 1 / ( v d ) 34 „ =0.030 

1/ (v d ) 34p =0.014 , (A0 e a) 34n =0.001 
( A 0 34p =0. 027 , ( n e ) 34p = 1. 571 , <}> i / 4> w =0. 136 

I ^2 /*w | =0.691 , tf 3 /<*>w =0.182 , <f)4 /<|)w =0.392 

1 0 42 /<f>w I =0.370 , | <2> 42 /<*> 41 | =0.609 

[0 0 6 8] MMffl 2 

f =9. 046 —25. 465~71. 992 , F/2. 0 

2 a> =50. 417° ~ 18. 243° ~6. 344 ° 
r x =152.3247 

di =2.5000 ni =1.81264 vi =25.43 A 0 «d = 0. 0165 
r 2 =83. 1327 

d 2 =1.0000 
r 3 =103.0268 

d 3 =5. 5936 n 2 =1.43985 v 2 =94. 97 A 0 sci = 0. 0622 
r 4 =-236.3738 

d 4 =0. 1500 
r s =48.2477 

d s =5. 9198 n 3 =1.43985 v 3 =94.97 A 0 scl = 0. 0622 
r 6 =440. 1637 

d 6 =0. 1500 
r 7 =34.9932 

d 7 =4. 0660 n 4 =1.43985 v 4 =94. 97 Ae gd = 0. 0622 
r 8 =61.8422 

ds =Di (pfSE) 
r 9 =72.3857 

d 9 =1.5000 n s =1.60548 v B =60. 70 A 0 « d = -0. 0032 
r io = 14. 5704 

d io=12. 4293 
r ii =-19. 9601 

d n = l. 5000 n 6 =1.60548 v 6 =60.70 A 0 scl = -0. 0032 
r 12 = 2L 1642 

d i 2 = 0. 1500 
r 13 = 21.0503 

d 13 = 6.1625 n7=1.84281 v 7 =21. 00 A0 sd = O.O356 

r 14 = 69. 8615 

d 14 =D 2 (nj^) 
r is = oo 

d ib=1. 0000 
r ie=-287. 7720 

d 16 = 2.5000 n a =1.57098 v 8 =71.30 A0«d = O.O266 
r i7 = ~30. 3056 

d i7 = 0. 1500 



(10) &m¥-8- 2 4 8 3 1 7 



[0 0 6 9] H; 



17 
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r i 8 = 16. 9576 








d i8 = 2. 5000 


n 9 =1.57098 


v & =71.30 


A 0«d = O. 0266 


r i<» = -87. 5745 








d i 9 = 2. 0057 








r 2 o = -25. 8774 








d 2 o=1.2000 


n io=l. 80642 


v io = 34. 97 


A 0 «d = 0. 0003 


r 21=66. 8633 








r 22 = 61.9059 








d 22 = 2. 8000 


n n = l. 57098 


v n=71.30 


A 0 S d = 0. 0266 


r 23 = -21.0746 








d 23 = 0. 1500 








r 2 4 = 21. 0941 








d 24 = 7. 3060 


ni2=l. 57098 


v 12 = 71. 30 


A 0 «d = 0. 0266 


r 25 = -79. 5816 








d 2 s = 0. 7497 








r 26 = -21. 1787 








d 26 = 1. 2000 


n 13= 1.85649 


v 13 = 32. 28 


A 0«d = O. 0022 


r 27 =-356. 0244 








d 27 = l. 0000 








r 28 = 00 








d 28 = 7. 0000 


n 14 = l. 51825 


v i 4 = 64. 15 




r 29 = °° 








f 9. 046 


25. 465 


71.992 




Di 1.4000 


19. 8294 


33. 1916 




D 2 34. 3586 


15. 9299 


2. 5658 




D 3 8.2701 


5. 1604 


7.9118 




1/ (v d ) lri = 0. 039 


, 1/ (v d ) 


ip, = 0. Oil , ( A 0 


«d) ln = 0. 017 


( A 0 gd ) 1^ = 0.062 , 


1 / ( V d ) 2n 


= 0.017 , 1/ (vd ) 2„ = 0. 048 


( A 0 «d) 2 n = -0. 003, 


(A 0 «d) 2p = 


0.036 , 1/ (vd 


) 34n =0.030 


1/ (vd ) 34P =0.014 , (A e «J 


34n =0. 001 




(A 0 sd ) 34P =0.027 


, ( 11 e ) 34p 


= 1.571 , 0 i / <t> 


w =0. 140 


1 <2>2 /d)w | =0. 707 


, <J) 3 / <j> W = 


0. 199 , <j) 4 / <}> w 


= 0. 389 


1 <f> 4 2/£w | =0.344 


, | 0 4 2/ <f>41 


| =0.564 




3 








f =9. 150 —25.430—71 


.943 , F/2. 0 




2 a> =50. 125° —17.851° —6.284 ° 






r i =67. 3534 








di =1.8000 


ni =1.80642 


v i =34.97 


A 0 «d = 0. 0003 


r 2 =41.7227 








d 2 =5.3000 


n 2 =1.43985 


v 2 =94.97 


A 0 ed = 0.0622 


r 3 =-310.9797 








d 3 =0. 1000 








r 4 =36.7193 








d 4 =3.9573 


n 3 =1.43985 


v 3 =94.97 


A 0 S d = 0. 0622 


r 5 =204.0192 








d 6 =d x (*im 






r 6 =-176.6655 








d 6 =1.0000 


n 4 =1.65425 


v 4 =58. 52 


A 0 8 d = -O. 0050 


t 7 =12.9811 








d 7 =3.7851 









(11) 1$ii¥8- 2 4 8 3 1 7 

19 20 
r 8 =-24.9700 

da =1.0000 n s =1.65425 v e =58.52 A0 s a = ~O.OO5O 
r 9 =68.5111 

d 9 =0.2000 
r io = 28. 4668 

d lo = 2.8000 n 6 =1.84281 v 6 =21.00 A 0 s a = 0. 0356 

r x i = 190. 5820 

dn = D 2 (*JW 
r 12 = oo 

d i 2 =l. 1000 
r 13=15. 2088 (#*E) 

d i3 = 3. 8000 n 7 =1.57098 v 7 =71.30 A 0 s a = 0. 0266 
r X4 = -55. 0074 
r i 5 = 37. 4721 

dis=D 3 (*im 

r ie = 22. 0013 

die = 2.8000 n 9 =1.57098 v 9 =71.30 A 0 «a = 0. 0266 
r i 7 = 802. 9020 

d i 7 = 0. 1000 
r 18 = 24. 9962 

d i8=l. 0000 n io=1.75453 v io = 35. 27 A 0 «a = 0. 0036 
r i 9 =17. 2865 

d i 9 = 2. 8000 n n = l. 57098 v n = 71. 30 A 0 s a = 0. 0266 
r 2 o = -53. 7034 

d 2 o = 0. 1000 
r 2 i = 13. 9402 

d 2 i = l. 3321 n i2=l. 63004 v i 2 = 35. 70 A 0 «a = 0. 0002 
r 22 = 8. 5579 



(^1 3®) A 4 =-0. 27966 X10 -4 , Ae ="0. 87535 X 10" 7 

A 8 =-0. 15668 X10" 9 
(116E) A 4 =-0. 54064 X 10" 4 , A 6 =-0. 98203 X 10" 8 
A 8 =-0. 16407 X10~* 
f 9. 150 25. 430 71. 943 

Di 1.5000 22.8193 39.2193 

D 2 39.7158 18.3971 2.0017 

D 3 7.6660 3.2561 2.8387 

l/(v d ) i„ = 0.029 , 1/ (v d ) i P = 0. Oil , (A 0 g a) in = 0.000 
(A0 s a) i P = 0.062 , 1/ (v d ) 2n = 0.017 , 1/ (v d ) 2P = 0. 048 
(A0 gd ) 2 „ = -0. 005, (A0 8d ) 2P = 0.036 , 1/ (v d ) 34n =0.028 

1/ (va ) 34t > =0.014 , (A 0 s a) 34 « =0.002 
(A0 s a) 3 4P =0.027 , (n e ) 34P =1.571 , 0 X /<f> w =0.131 

I </) 2 /<*>w | =0.605 , <£ 3 /<*>w =0.193 , (f> 4 /<2>w =0.319 

1 <f> 4 2/<f>w | =0.235 , | <2> 4 2/<*>4i I =0.484 

[0070] nw&A 

f =8. 938 —25. 441— 71. 978 , F/2. 0 

2 cd =49. 346° —17.658° —6.204 ° 
r x =94. 8594 

di =1.8000 ni =1.85649 v x =32.28 A 0 s a = 0. 0022 
r 2 =52.0731 



2 =94.97 A 0«a = 0.0622 



n 3 =1.43985 v 3 =94. 97 A0 Bd = O. 0622 



n 4 =1.43985 



n s =1.62033 



> 4 =94.97 A 0«a = O. 0622 



vs =63.38 A 0 s a = O. 0070 



v e =63.38 A 0 gd = O. 0070 



n 7 =1.84281 v 7 =21.00 A 0 e a = 0. 0356 



(12) 
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d z =5.5535 n 2 =1.43985 
r 3 =-330.4893 

d 3 =0. 1000 
r 4 =44. 1397 

d 4 =4. 1218 
r s =175.9434 

d 5 =0. 1000 
r 6 =40. 1589 

d e =3.9902 
r t =145. 1529 

d 7 = Di (rT*) 
r 8 =609.3378 

d 8 =1.0000 
r 9 =10.5608 

d 9 =4.4739 
r io = -44. 5113 

d io=1.0000 n 6 =1.62033 
r n = 35. 1888 

d n=0. 1688 
r i 2 = 17. 3152 

d 12 = 0. 9992 
r 13 = 30. 9795 

d 13 =D 2 (rT3E) 
r 14 = oo (%&\Q) 

d i 4 =l. 1000 
r ls = -17.9714 

d 15 = 1.2101 n 8 =1.62033 
r 16 = -28. 9343 

d i 6 = 0. 1000 
r 17 = 25. 1740 

d i7=l. 6914 riQ =1.60520 
ris = -67.6119 

d is = 0. 8091 n io=L 64419 
r ie=-282. 2911 

di9=D 3 (pJ^) 
r 20 = 288.5352 (^»ffi) 

d 2 o = 3. 6317 n n = l. 43985 
r 2i =~21. 9444 

d 2 i=0. 1000 
r 22=16. 6233 

d 22 = 1. 0000 
r 23 = 9. 4208 

d 23 = 5. 0129 
r 24 = -76. 6563 

d 24 = 0. 1000 
r 2 s = 18. 2512 

d 2S = l. 3824 
r 26 = 9. 9560 

(S15B) A 4 =-0. 28298 X10" 4 , A 6 = -0. 90598 X 10~ 7 



VffflW-S - 2 4 8 3 17 
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n 12 =l. 69417 
n 13=1. 62033 



vs =63.38 A 0 s a = O. 0070 

v 9 =65.48 A 0 s a = 0.0059 

v io = 34.48 A 0«a = O. 0016 

v n=94.97 A 0 s a = O. 0622 

v 12 = 31.08 A 0«a = O. 0024 

v 13 = 63. 38 A 0 «a = 0. 0070 



n i 4 = 1. 63004 v i 4 = 35. 70 A 0 8 a = 0. 0002 



(13) l&mW-S - 2 4 8 3 1 7 

23 24 
As =-0. 75613 X10" 9 



($2 0S) A 4 = -0. 64725 X10 -4 , A 6 = -0. 55523 X 10" 7 



[0071] ^/ttm 





As =-0. 


13010 X10 -9 




f 


8. 938 


25.441 71.978 




Di 


1. 5000 


19. 8080 33. 9524 




D 2 


33. 4539 


15. 1482 1.0044 




D 3 


8. 7909 


6.7174 13.6922 




1/ (va 


) ln =0. 031 , 


1/ (va ) ip = 0.011 , (A 0 s a) i„ = 0.002 


(A 0 g d) 


i P = 0. 062 , 


1/ ( va ) 2n = 0.016 , 1/ (va 


) 2p = 0. 048 


(A 0 e a) 


2 „ = 0. 007 , 


(A 0 e a) 2P = 0.036 , 1 / (va ) 


34n =0.024 


1/ (va 


) 34t3 =0.013 , (A 0 s a) 34n =0.003 




(A 0 s a) 


34 P =0.025 , 


( n 0 ) 34 P —1.555 , 0i / 0w 


= 0. 157 


1 <f> 2 /<f> 


w I =0.629 , 


03 /<f>W = 0. 124 , 0 4 /(|)W = 


0. 395 


I 0 42/ 0 


w | =0.241 , 


1 0 42 /0 4 i 1 =0.435 




5 

f =9. 304 


—25. 457—71. 


964 , F/2. 0 





2 w =49. 471° —17.846° - 


-6. 262 0 








r 1 =69. 3098 












di =1.8000 


n 1 


= 1.85649 


V 1 


= 32.28 


A 0«a = O. 0022 


r 2 =43.4214 












d 2 =5. 1245 


n 2 


= 1. 49845 


v 2 


= 81.61 


A 0 s a = 0.0364 


r 3 =-460.3535 












d 3 =0. 1000 












r 4 =37.6226 












d 4 =4.0485 


n 3 


= 1. 43985 


V 3 


=94. 97 


A 0 s a = 0.0622 


r 5 =185.5159 












d 5 =Dx (pTfc) 










r 6 =-251.4932 












d 6 =1.0000 


n 4 


= 1. 60548 


V 4 


= 60. 70 


A 0 s a = -O. 0032 


r 7 =12.5818 












d 7 =4.6702 












r 8 =-23.2644 












d 8 =1.0000 


n s 


= 1. 60548 


V 5 


= 60. 70 


A 0 8 a = -O. 0032 


r 9 =75.0852 












do =0. 1433 












r io = 28. 1893 












d io = 2. 0000 


n 6 


= 1. 84281 


V 6 


= 21. 00 


A 0 s a = O. 0356 


r ii = 114. 7892 












dn = D 2 (pT^ 


:) 










r 12 = oo (IfoV)) 












d 12 = 1. 1000 












r 13 =16.8270 (2t="3*S) 










d i3 = 3. 0702 


n 7 


= 1. 57098 


V 7 


= 71. 30 


A 0 s a = 0.0266 


r i 4 = -45.9010 mmm) 










d 14 = 0. 8305 












r ie=-29. 2714 












d is = 0. 8000 


n s 


= 1. 64419 


V s 


= 34. 48 


A 0«a = O. 0016 



r 16=163. 1174 

di6=D 3 (*T^) 
r !7 = 38. 0917 (^EfcB) 



25 

d it = 2. 0000 
r is = -35. 1200 

d i8 = 0. 1000 
r i 9 =16. 2153 

d i 9 =l. 0000 
r 2 o=10. 0172 

d 20 = 4. 2918 
r 2 i=-51.0748 

d 21 =0. 1000 
r 22 = 66. 1152 

d 22 =l. 3243 
r 2 3 = 10. 9915 

(*13I) A 4 = 
As = 

(Sl4ffi) A 4 = 
A 8 = 

(mi 7m) a 4 = 

A 8 = 
f 9. 304 

Di 1.5000 
D 2 39.7305 
D 3 9. 1586 



(14) 

n 9 =1.57098 

n io=l. 80642 
n n = l. 57098 

n i2 = l. 60548 



-0. 17119X10" 4 
-0. 61292 X10~ 9 
-0. 47301 X10 -6 
-0. 11550X10" 8 
-0. 62049 X10" 4 
-0. 39877 X10 -9 
25. 457 
22. 7213 
18. 5090 
5. 3246 
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v 9 =71.30 A 0sa = O. 0266 

v io = 34. 97 A 0 K a = 0. 0003 
v ii=71.30 A 0 s a = O. 0266 

v i 2 = 60. 70 A 0 S d = -0. 0032 

A 6 =-0. 77526 X 10" 7 

A 6 =-0. 11792 X 10 -6 

A 6 =-0. 19478 X10' 7 

71. 964 
39. 7359 
1. 5000 
6. 9050 



1/ (vd ) i~=0. 031 , 1/ (v d ) i P = 0. Oil , (A 0 s a) io = 0.002 

(A0 s a) lP = 0.049 , 1/ (v d ) 2 n = 0. 017 , 1/ (v d ) 2 ,> = 0.048 

(Ae gd ) 2r, = -0.003, ( A 0 K a) 2^ = 0.036 , 1/ (v d ) 34 „ =0.023 

\/ (va ) 34r > =0.014 , (A0«a) 34 „ =-0.000 

(A0«a) 34 P =0.027 , (n. ) 34p =1.571 , d> i /4>w =0.134 

I <t>* /0w I =0.598 , d)3 / <|)w =0.208 , <f> 4 /tf>w =0.319 

I <f> 42 /<2>w I =0.423 , | 0 4 2/<*> 4 i I =0.686 



[0072] m&m 6 



f =9. 015 —25. 458~72. 000 , F/2. 0 
2 a) =50. 789° ~18. 205° ~6. 307 ° 
r i =140.8301 



d x =2.5000 
r 2 =78.8473 

d 2 =1.0000 
r 3 =106.3821 

d 3 =4. 1253 
r 4 =-248. 1614 

d 4 =0. 1500 
r 5 =47. 1352 

ds =5.8436 
r 6 =620.9556 

d 6 =0. 1500 
t 7 =33.7548 

d 7 =4.0084 
r 8 =60. 1247 

d 8 =Di mm 

r e =67.2809 



ni =1.81264 



n 2 =1.43985 



n 3 =1.43985 



n 4 =1.43985 



v i =25. 43 A 0 s a = 0. 0165 



v 2 =94.97 A 0 e a = O. 0622 



v 3 =94.97 A 0 e a = 0. 0622 



v 4 =94.97 A 0 s a = O. 0622 
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27 28 
d 9 =1.5000 n 5 =1.60548 v 5 =60. 70 A 0 «a = -0. 0032 
r io=14. 5860 

d lo =11.3750 
r ii = -19. 6696 

dn = 1.5000 n 6 =1.60548 v e =60.70 A0 e a=-O.OO32 
r i 2 = 20. 4105 

d i 2 = 0. 1500 
r 13 = 20. 6872 

d i3 = 4. 0032 t\t =1. 84281 v 7 =21.00 A 0 8 a = 0. 0356 

r i 4 = 67. 4603 

di4=D 2 ("HE) 
r i 5 = oo (gjij) 

r 16 = 155. 3540 

die = 2.5000 n 8 =1.57098 v 8 =71.30 A 0 «a = 0. 0266 
r i 7 =-34. 2982 

d it = 0. 1500 
r 18=14. 8060 

d 18 = 2.5000 n 9 =1.57098 v 9 =71.30 A 0 «a = 0. 0266 
r 10 =-191. 1452 

d x9 = 0. 8527 
r 2o = ~27. 3848 

d 20 = 1-2000 n io=1.80642 v 1Q = 34. 97 A 0 ed = 0. 0003 

r 2i = 50. 6393 

d 2 i = D 3 
r 22 = 65. 3893 

d 22 = 2. 8000 n n = l. 57098 vn = 71.30 A 0 e a = 0. 0266 
r 23="19. 3708 

d 23 = 0. 1500 
r 24 = 20. 3762 

d 24 = 7.0318 ni2 = l. 57098 v ia = 71. 30 A0 s a = O.O266 
r 2s = -lll. 1751 

d 2 s = 0. 9735 
r 26 =-17. 4860 

d 26 = 1. 2000 n 13= 1.85649 v 13 = 32. 28 A 0 e a = 0. 0022 
r 27 = -109. 6380 

f 9.015 25.458 72.000 

Di 1.4000 18.9748 32.8362 

D 2 33.7987 15.3195 2.3984 

D 3 7.0203 4.9939 8.1918 

1/ (va ) i„ = 0. 039 , 1/ (vd) i P = 0. Oil , (A 0 s a) i n = 0.017 
( A 0 s a) i P = 0. 062 , 1 / ( v a ) 2» = 0. 017 , 1 / ( v a ) 2P = 0. 048 
(A0«a) 2n = -0. 003, (A0 e a) 2p, = 0. 036 , 1 / ( v a ) 34n =0.030 

1/ (va ) 34p 0.014 , (A 0 «a) 34n = 0. 001 

( A 0 gd ) 34P =0. 027 , (lie ) 34 P =1.571 , 0 i / 0 w =0. 144 

| 0 2 /0w I =0.695 , 0 3 /d>w =0.209 , 0 4 /0w =0.387 

I 0 4 2/0w I =0.369 , | 0 4 2 /0 4i I =0.596 
fctfLr, , r 2 , ■-■ d [0 0 7 3] 1 ttH 1 9 <D«*"C, 

i , d 2 , fi#u^x<7>«t»^^i 3< tvu^xia je^jbsmjSt^lx— ^y^ttB^ 

Pis ni , n 2 , •■• (i#wyX(Oe^I#r^ v tWii^Xii, *^JB*Mj*:*LX—5:^k: 



(16) 
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5SB3U^Xpi:, :£OJBW***LX-*>^;lR&L 

mi uvXW#4MMM»fe*lfc, fiiffi*4MWifc|«ttfc 
^*X;;* u>XkjE<DffitfTJj<D&\,^<Dm$:Vot£ 
W (- ft it fc Pidh v X 4&ftfl9 |c i£bB £ ft it fcl© * ~ 

i o ia®Sr^{M^rR]tt^:A^^^^^^^vx 

ti^[lflU>Xt^{ffl|Cdi®^fp]ttfcjE07«-^^^^ io 

vX£J;9&9, I3U>X^^ tttt1MJ:9Mlc« ft 
9i, ««lCiaffiSr[^WfcjEO^=^*^uvXi:, IE 
(D m 9rt) <o v ^ tf> ffi £ AO f c ft 1 1 P5 a v X £ A 

©av^oaSSrWftfllKiftltfcWia^^Xi:. AB£«i 
ffiOi-fttf fc:fctf>7< ^*^i/>Xi «t 9 #o-o>£ 0 

[0 0 7 4] roll^j 1 COX— A I^X^JRHtfcSZ. 
tt, (17, 18, BI9^i-ii9"efcoT. 20 

[0 0 7 5] HJ6fi»J2tt, H 2 9 (OflUa-C H 

^X*iltffcffi4:©nBfcE«S*bTV^53PBSf4, fe^ 7 

[0 0 7 6] rO^JS^j2<DlRM^aft. 110, Ull 
1, HI 2^-TS l 9T*£>£o 

[0 0 7 7] Hife^J 3 IS, El 3 (C^-T U VX«fi£T% % 30 
fttfflri>kJiH^ IE(Dffi^?r^LX-^^^(c|SbT@ 
Si?*5*li/yX»t, A<D®3r*«r*LX— 5 >^ 

*5*3UVX|¥4:, IEO®W*Sr*"LX-5^^KB{ 

4U>X»£ j;9ft-5 0 Xlli/yXSlt »ft:«J:9 

OHW^^V>*<Offi*%fl:ffllJ^ftJt^Mia^^Xi:Sr 
fiS^fo*fc»-fru^Xi:, «(*:«tc:iaBSrifil*tfcjEO^ 40 
^.xj^i^Xfc^feftB, S2uyXH(l ftftwa* 

>X£, MUDUvXi, •*«Kiaa5«ri^ltfcI©^=: 
^^i/yxt^biO, 13 1/yXSit «#{Hia>& 
IMi-, mvk, E©B8f*©5l^*©SS:«#illi:fiIlt 
fc Wfii u >X i: WDD u VX t i/^Xi 

^fflil^ftitfcIEcO^^^X?^ uvX^r. am&tolfcWfc 

^1/VXt, affi^^Jfrft'JtCftftfcAcO^^^^^ U 50 
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z = — i +a^ , +a 4 y 4 + a^+gwyH • • • 

l+Vl-Ck+Dfy/r) 1 

[0 0 7 8] fc«L*(d*m«rE«i*rt»c4: 9, *tt^ 

[0 0 7 9] :^»|301/yX^(t ##ffi«r«ffl 
«:i:iaot, iRSHfijEOgftKSrit^L, u>X 

0 0mTfc5 o 

[0 0 8 0] r<o*16«3(Oitei6ttRtt, SI 13, 0 1 
4.0 1 5t^i-ii9T-fcSo 

[0 0 8 1] SKMEM 4 tt, 04 tc^i-ii 9 <D*J*-C*{£ 
flO«fc «9 JWtC. ]E<©Jffl*f*Sr«"UX-$ y^lti^ 
^lli/yXi|^ *^JBWa*r*LX-S^fcBIL 
T3tttJiSr*W^»»Lr«ffiF*«6Sr*i-S»2 1/yX 
5EOJB»fA«:*UX--5^^c|ilbTB36oJK3 
u>Xp^ EOJB«fA«r*LX-*^^iHb'r*»* 
±Srt»»K»» LTftffitMoHSES:*?* 2 SI 4 U^X 

tLT*lu^X»f41«Ml|^t)(|||:, 
i0jffiSr*#«fcfRj»fcA<O^ l/yXt JEcoffiSf 

^O^v^OS^^fflflt-ft^fcMdi^V'Xt^lA^^ 

X7^U^X2tfci:^b*9, S2i/yXffit ftttfflja* 
feflBfc:, «#«KiSffitlft»tfcAo^^*^^^X 

iE(7)®iff^^^V^(DB^^^fflJ{Cfttt/cf^ifi^V 
X^ib®^{|iJ{-fttt^^^^^X7^U^X^$r^ 
Lfc»-fru^Xi:«t9*9, 14 1/yXSlt «#M^ 
bUHlC jE^iSW^co^v^OBSr^ftiJ^fttt/tEu^ 
Xt, QffifcttfrWJcraJtfcA^^^^^^^XiWia 
uyX^^Ucg^i/VX^ dbBfrttfttMlcmtt 
tz-fK<D*~*** ^XtiSftJ, ^151^20 

[0 0 8 2] r<OHJfi«4tt, HJ6W3 tl^«<^ft«T* 
»l uyXBtoEi/yXiottSSril^LtW: 

vX»-c**i-S«aiJRSS^ = ^iRIISr»3 u>Xp(c 

[0 0 8 3] w<7)HJ60y4(^lRll^att, 0 16, 0 1 
7,0 1 8lC^-ra9T*fc£o 

[0084] ^ig^y 5 tea 5 tc^rii 9 t% nmm 3 1 

tt, jB3u>X»^s^ tt{HNft>&Ml^ 3S2 9 fc. lEOiB 
»f*03ftv^<OffiSr»{*:«KiftJtfcWia^^Xi: % A<^> 
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£ D XCOHSfiflUS-Ctt, SSl 3®, S14B, 817 
[0 0 8 5] ^(Ojtlt«5f±, *J£#J3 irJtSSLT, * 

[0 0 8 6] Sl*£FJ 5 (OlR^fttt, B19, HI 2 0 , 

El 2 i td^i-i§*)-efc5o 

[0087] msey e it, me cstirico^vx* 

T\ 83 uvXptSU uvXBasfcfcteX-s 

L> 3MMJ2*V*L4*>J: 5f-#3*®£rfflv>5r kt£< 

[0088] mmm 6 022, 0 2 3 , 

122 4(^*i-iit)r*fe^ 0 
[0 0 8 9] *»Wte«v^"C, W«F»*^»5H»-E*S 

[0 0 9 0] (1) #Wft*CD|SH(Dff *3S 1 , 2X 30 

3 uvX»^ffip ( ^^^3tWJi{c:H^T-*>SX-Au>' 
X e 

[0091] (2) aire (1) <DW£e«stLTi^5 

LT3tett±£^»1-5X— A uyX e 

[0092] ( 3 ) 4#wif ^(ommcotmm 1 x« 2 

fc5W«MB (1) XI* (2) ©ai:EtShtv^i/ 
VX^T% TE*# (14) 7?/^ (17) OV^-ftt^S: 

X e 

(14) 0. 1 0 < £ i/(J>w< 0. 21 

(15) 0. 54<U 2 /d)w|<0. 76 

(16) 0. 1 0 < 0 3 /(f>w< 0. 26 

(17) 0. 26<^ 4 /*w<0. 45 

[0 0 9 3] (4) ^l^fS*^®ffl(7)tf*3I3fe5V^ 
tt*ME (1) Xfi (2) O^^Ett^ttTV^S U>X^ 
T\ ^4 U> Xm^TE<DmifftKDm 4 l UVXpt^ftCO 
Htff*©*4 2U^X»fca»fefcD % TB©*# (1 
8) *5±V/Xf4*«= (19) Sri«St5X-^l/y 50 
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X 0 

(18) 0. 19< | 04 2 /0w|<O. 48 

(19) 0. 38< U 4 2 /*4i I < 0. 74 
[0 0 9 4] (5) ftjIS (4) cO^(CfB«c$nTVN>5 

l/yX|t, (14) 7!^ (17) SrWE-f-SX- 

Ai/yX D 

(14) 0. 10<^i/^ w <0. 21 

(15) 0. 5 4 < | 0 2 /<*>w I < 0. 76 

(16) 0. 1 0 < <f> 3 /(f>w< 0. 26 

(17) 0. 26<^ 4 /*w<0. 45 
[0 0 9 5] (6) ^ffffjftcOffiffltDfff*^! 

tefulE (1) Xtt (2) tCf£«c£*VCl^ 
TE«)*tt (4) 755 (7) Sr»at5X-AuyX 0 

(4) 0. 014<l/(v d ) 2 n<0. 017 

(5) -0. OK (A0 gd ) 2«<0. 01 

(6) 0. 0 3 0<1/ (vd) 2 v, 

(7) 0. 015< (A0 gd ) 2P 

[0 0 9 6] ( 7 ) #fff»#<DttHO»#3S 1 2 
fcSV^HttOTE (l) > (2) Xtt (4) *>3Ktee«3ix 
TV^SU^XJR-C, Tffi<Z>*fl= (8) 7??^ (11) SrSS 
J£f5X-A!/yX 0 

(8) 0. 0 2 0<l/(v d ) 34 ~<0. 03 
3 

(9) -0. OK (A0 sc i) 3 4 ~< 0 . Ol 

(10) 0<l/(vct) 34c ><0. 0166 

(11) 0. 02< (A0 gd ) 34 P 
[0 0 9 7] 

X-A*rt-e*>5ft3flSfe, ««k*^H(Mi«g|l7-#«r^ 

[h i ] ^mm<omMm 1 co^^^-re! 

[12] **M<z>ltl6«2^««Sr^i-H 

[B3] *&m<D%mm3<om$L*7F-tm 

[B4] **W«>ltlfiflf!l4<Dlllril*r*-*-H 
[@5] **K<oHJ60y5<^fl|fi8;S:^-ria 
[0 6] *36W^H16«6<0«^Sr*i-H 

[17] *»w<o*i6«i(z>jK**H^a3JtsiRjiftji»ia 
[as] io+n«jftE«^*5»tsttaE 
*£&0 

[0 9] *%SO^J6^Ji<7)S5Sffl^iottSilxllfti»ia 
[B10] *«W(D||lfe«2^i£A«JcjoJtSiR*i*i» 

m 

[mil] **^<oii««2o*m«^E»-*3W5iR 

[mi 2] **w^iiifi«2oaia«»^*5^5iRSi*i» 
0 

[iui3] *&m<Dmmm3(Dfcft$%{c&rtzum&m 
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mi 7] *&W(Dmmm4<DW$m&vmizi6Vzi&. 



im2 o] *&w<ommm5<D*wiMM.mmizi3vz>)&. 

m&mm 

m 
m 

[H2 3] *&W<Dmi&m6(D^fflM£MMlcisrtZ>i\z 



mi si ^m<Dmmm4<Dmmmzisit^m^m io [12 4] *^Bjro^js^6coMiS4S(c:*3tt5JtKSft^ 
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